WHAT THIS STUDY ADDS:
This study demonstrates in a large, current, multicenter database sample that off-hours admissions to PICUs are not associated with increased risk-adjusted mortality. Admissions in the morning from 6:00 AM to 10:59 AM are associated with increased mortality and warrant further attention. abstract BACKGROUND: Critically ill patients are admitted to the pediatric ICU at all times, while staffing and other factors may vary by day of the week or time of day. The purpose of this study was to evaluate whether admission during off-hours is independently associated with mortality in PICUs.
METHODS:
A retrospective cohort study of admissions of patients ,18 years of age to PICUs was performed using the Virtual PICU Systems (VPS, LLC) database. "Off-hours" was defined as nighttime (7:00 PM to 6:59 AM) or weekend (Saturday or Sunday any time). Mixed-effects multivariable regression was performed by using Pediatric Index of Mortality 2 (PIM2) to adjust for severity of illness. Primary outcome was death in the pediatric ICU.
RESULTS:
Data from 234 192 admissions to 99 PICUs from January 2009 to September 2012 were included. When compared with regular weekday admissions, off-hours admissions were less likely to be elective, had a higher risk for mortality by PIM2, and had a higher observed ICU mortality (off-hours 2.7% vs weekdays 2.2%; P , .001). Multivariable regression revealed that, after adjustment for other significant factors, off-hours admission was associated with lower odds of mortality (odds ratio, 0.91; 95% confidence interval, 0.85-0.97; P = .004). Post hoc multivariable analysis revealed that admission during the morning period 6:00 AM to 10:59 AM was independently associated with death (odds ratio, 1.27; 95% confidence interval, 1.16-1.39; P , .0001).
CONCLUSIONS: Off-hours admission does not independently increase odds of death in the PICU. Admission from 6:00 AM to 10:59 AM is associated with increased risk for death and warrants further investigation in the PICU population. Pediatrics 2014;134:e1345-e1353 Critically ill patients may be admitted to the ICU at any time, but care provided may vary by day of the week or time of day. Decreased staff numbers and experience level, as well as human factors such as fatigue 1 and circadian rhythm disruption 2 have been hypothesized to adversely affect outcomes of patients admitted during off-hours. 3 A metaanalysis and a large national registry study of adult ICU admissions, each evaluating .130 000 admissions, demonstrated increased odds of death associated with weekend admission. 4, 5 In the largest study in the pediatric ICU setting to date, which included .20 000 admissions to 15 PICUs from 1995 to 2001, nighttime admission was associated with increased odds of death. 6 Several smaller studies in PICUs found no difference in riskadjusted mortality for patients admitted during off-hours when compared with weekdays, 7-9 and 1 study found lower risk-adjusted mortality for admissions during off-hours. 10 Reasons for the varied results in studies evaluating off-hours admission and mortality in the pediatric ICU population may include type II error related to smaller numbers of admissions and lower mortality rates compared with adult studies, heterogeneous samples, or changes in care over time (such as increased prevalence of 24-hour inhouse attending intensivist coverage). Our objective in this study was to investigate the possible association between off-hours admission and mortality in a large, current sample of pediatric ICU patients. We hypothesized that mortality would be higher for offhours admissions when compared with regular weekday admissions, even when adjusted for other significant factors. Additionally, we hypothesized that risk-adjusted mortality would be higher for the subsets of (1) weekend versus weekday and (2) night versus daytime admissions.
METHODS

Study Population
De-identified admission data were obtained from the Virtual PICU Systems (VPS, LLC) database for all admissions ,18 years of age to a participating pediatric ICU in the United States from January 1, 2009 through September 29, 2012 . This represented the most recent period for which data were available in the fields of interest at the time of data retrieval. The VPS database is a multicenter database of PICUs, defined as a physical space dedicated exclusively to the care of critically ill children, and is used primarily for benchmarking and quality assessments. 11 VPS data were provided by the VPS, LLC. No endorsement or editorial restriction of the interpretation of these data or opinions of the authors has been implied or stated.
Data collected from the VPS database included academic center designation, 24-hour every day in-house (24/7) attending intensivist presence, demographics, admission diagnosis, origin of admission, trauma status, day and time of admission, severity of illness scoring, and ICU mortality. All variables were specific to each admission (eg, 24-hour, in-house intensivist designation for that center at the time of admission). The 8 most frequent primary diagnostic categories were retained for descriptive statistics (respiratory, cardiovascular, neurologic, injury/poisoning/adverse effects, hematology/oncology, orthopedic, infectious, and gastrointestinal), with the remainder being consolidated into 1 category, "other" (see Appendix). Admissions designated as post-cardiac bypass were excluded owing to concern for inability to adequately control for severity of illness. 12 Origin of admission was grouped as emergency department (ED), inpatient (including ward and stepdown), operating room, post-anesthesia care unit, another ICU from the same hospital (neonatal ICU, delivery room, or adult ICU), outside hospital ICU, outside hospital ED, and "other" (see Appendix).
Study Design
This was a retrospective cohort study. Severity of illness adjustment was performed by using Pediatric Index of Mortality 2 (PIM2), 13 as this is a required data field in the database. PIM2 risk of mortality values were multiplied by 100 (converted to a percent value) for the purposes of scale. Pediatric Risk of Mortality III (PRISM III) 14 data were also obtained when available and the primary analysis was again performed by using this adjustment for comparison. Evaluation of high-risk subgroups previously identified to have increased risk for death with nighttime admission 6 included patients who had cardiac arrest before admission identified from the PIM2 high-risk diagnosis field, patients who had congenital cardiovascular disease identified from the VPS primary diagnosis subcategory field (excluding those immediately post-cardiac bypass as noted previously), and patients who had shock identified from ICD-9-CM codes (see Appendix).
VPS data are entered by trained individuals at each participating site, and quarterly reviews are performed to ensure data quality and inter-rater reliability. All variables in the primary analysis were required for VPS participants during the study period, thus there were 0% missing data for these fields. PRISM III was not a required field in the VPS database, however 91% of admissions had PRISM III data available.
Analyses
Continuous descriptive data were compared by using Student' s t test for parametric data or Mann-Whitney U test for non-parametric data, where appropriate. Categorical data were compared using Pearson's x 2 test.
Factors selected a priori to be evaluated in the analysis included off-hours admission, PIM2 risk of mortality, age category, gender, origin of admission, 15 trauma status, and 24/7 in-house intensivist presence. Components of each severity of illness scoring tool were not used individually in the regression model, because the PIM2 risk of mortality entered in the model had been calculated using these elements. Primary diagnosis categories were also not used individually in the model because PIM2 risk of mortality entered in the model includes fields for high-and low-risk diagnoses. Mixed effects multivariable logistic regression with clustering at the hospital level was performed using all variables. Evaluation of condition index and variance inflation factor was performed to exclude collinearity. For secondary outcomes, a similar mixed-effects multivariable logistic regression was performed substituting nighttime or weekend admission, respectively, for off-hours admission. An additional analysis was performed using PRISM III score to adjust for severity of illness instead of PIM2 score for those centers reporting PRISM III data. Observed versus expected graphical analysis was performed by calculating actual mortality for patients admitted during each day of the week or hour of the day, and comparing with expected mortality by mean PIM2 score for all patients admitted during that day or hour, as appropriate. Graphical review of admissions by day of week and time of day was performed for each center to ensure that all units admitted patients during nights and weekends. Post hoc analysis was performed using admission during the hours of 6:00 AM to 10:59 AM on all days of the week as an independent variable (versus all other times of admission).
Data were analyzed by using SAS software version 9.2 (SAS Institute Inc, Cary, NC). The Institutional Review Board of Wake Forest University Baptist Hospital approved this study.
RESULTS
Retrospective data meeting inclusion criteria from 243 292 admissions to 99 centers were obtained from the VPS, LLC database. One admission was excluded owing to a negative entry for age, and 9099 were excluded owing to being designated as post-cardiac bypass, leaving 234 192 admissions in the final analysis. The median number of admissions per center was 2093 (interquartile range, 821-3486; range, 67-7984), and 66% were classified as academic centers. Centers ranged in capacity from categories of 0-7 to $30 beds; median category was 18 to 20 beds, and 70% of centers were designated as having 15 beds or more. In-house, 24/7 staffing by a pediatric intensive care attending was present in 55/99 (56%) centers for at least part of the study period (45% for the entire period).
Patient ages ranged from newborn through17 years.Patient characteristics are summarized in Table 1 . Overall ICU mortality was 2.4% for the sample. Mortality by day of admission is shown in Fig 1; weekend admissions had a higher observed mortality (3.1%) compared with weekday admissions (2.3%).
Mortality by hour of admission is shown in Fig 2; nighttime admissions had a higher observed mortality (2.5%) than daytime admissions (2.4%).
Primary admission diagnoses are summarized in Table 2 . For all time periods, respiratory causes were the most common reason for admission. Admissions classified as trauma were predominantly in the Injury/Poisoning/Adverse Effects category for primary diagnosis (81%), with some in the Neurologic category (11%), and the remainder divided across other categories.
Associations with ICU mortality on multivariable analysis are displayed in A post hoc analysis was performed to evaluate the morning hours of admission between 6:00 AM and10:59 AM, which were associated with peak observed mortality (unadjusted mortality 3.2% versus all other times 2.3%). Admissions during this morning period also had the highest expected mortality by PIM2 (Fig 2) . On weekends there was ARTICLE PEDIATRICS Volume 134, Number 5, November 2014 e1347 a more extended period from 7:00 AM to 2:59 PM during which admissions were associated with higher mortality (Fig 2) . Admissions during the 7:00 AM hour were associated with the highest unadjusted ICU mortality on weekdays (3.5%), whereas mortality was highest for admissions during the 9:00 AM hour on weekends (4.4%). A multivariable regression analysis across the entire sample for admission during the period of 6:00 AM to 10:59 AM, compared with all other hours, revealed an OR for ICU mortality of 1.27 (95% CI, 1.26-1.39; P , .0001).
A review of admission trends revealed that the morning period of 6:00 AM to 10:59 AM accounted for only 24 715 (10.6%) admissions (if all hours had equal admission density, a 5-hour period would be expected to contain ∼20% of admissions), with the lowest percentage of admissions during the day occurring during the 07:00 AM hour (Fig 3) . During the period from 6:00 AM to 10:59 AM, admissions from the inpatient floor accounted for a significantly larger proportion of total admissions (morning, 24.4% of admissions versus all other times: 12.9%; P , .0001) and deaths (morning, 27.2% of patients who died were admitted from inpatient floor versus all other times: 16.7% of patients who died were admitted from inpatient floor; P , .0001).
A post hoc evaluation of morning admissions who died versus survived revealed no significant differences associated with minimum nighttime ICU coverage models (nighttime attending intensivist model in place for 58% of morning admissions who died versus 58% who survived, P = .64; fellow, 25% vs 24%, P = .43; resident, 9.3% vs 10.5%, P = .30; hospitalist, 0.6% vs 1.2%, P = .18; attending from home only, 6.5% vs 6.8%, P = .78).
DISCUSSION
This study reports on the largest cohort to date on this topic and demonstrates that admission to the pediatric ICU during off-hours is independently associated with decreased risk of mortality. These findings are contrary to the original hypothesis for the study, and discordant with the increased risk for death for nighttime admissions found in the largest previous multicenter study in the pediatric ICU population. 6 Our study demonstrated a decreased risk for death specifically for nighttime
FIGURE 1
Mortality by day of admission. Observed, unadjusted mortality compared with expected (by mean PIM2 risk of mortality) for admissions to the pediatric ICU for each day of the week. Observed, unadjusted mortality by admission day was as follows: Monday, 2.1%; Tuesday, 2.0%; Wednesday, 2.2%; Thursday, 2.4%; Friday, 2.5%; Saturday, 3.1%; and Sunday, 3.1%. admissions compared with daytime, whereas weekend admissions were no different from weekdays on multivariable analysis. This finding is similar to a report from a single pediatric ICU in Australia, in which admissions during off-hours had an OR for mortality of 0.71 (95% CI, 0.52-0.98). 10 Our finding of decreased odds of death for nighttime admissions may simply reflect that the highest risk period for our cohort was actually 6:00 AM to 10:59 AM, resulting in the majority of the higher-risk period being in the daytime cohort. Only 10.7% of admissions occurred during this 5-hour morning period, demonstrating that high volume of admissions did not contribute to the finding, but raising the concern that the results may be skewed owing to the relatively small sample during those hours.
Alternatively, there may be variations in care contributing to decreased risk for death for nighttime admissions and increased risk for morning admissions. The increased proportion of transfers from the inpatient floor during the morning period of 6:00 AM to 10:59 (and deaths among these patients) raises
FIGURE 2
Mortality by hour of admission. Observed, unadjusted mortality compared with expected (by mean PIM2 risk of mortality) for admissions to the pediatric ICU for each hour. For the total sample (all days), the hours of 6:00 AM through 10:59 AM had observed mortality percentages of 2.9% to 3.8%, each higher than any other hour-long period and exceeding expected mortality. the concern for clinical deterioration overnight that was under-recognized, leading to delayed transfer to the ICU until the morning and increased mortality. Nighttime caregivers on the inpatient floors (such as nurses and resident physicians) may be less experienced and have increased workload, leading to delayed recognition of need for transfer to the ICU. This could be particularly problematic in patients having progression of their original disease process and/or responding poorly to clinical interventions during their inpatient stay. 15 The extent of illness of such patients may not be completely captured using PIM2 or other scoring systems. Furthermore, the later hour associated with peak mortality for weekend admissions (peak mortality for admissions at 9:00 AM on weekends versus 7:00 AM on weekdays) could be attributable to later arrival of daytime caregivers to assess patients on the inpatient floors. A similar phenomenon could also delay patient presentation to the ER overnight (with subsequent delay of ICU transfer), as caregivers may be sleeping or otherwise less disposed to bring their child to medical attention late at night. Information about nighttime hospital floor coverage, rapid response team activation, or ER admission patterns was not available for our sample, but may warrant further evaluation in future studies on this topic.
Variations in care within the ICU, such as transitions of care and dilution of caregiver attention, could also contribute to the decreased odds of death for nighttime admissions with increased risk for morning admissions. Hand-offs between physicians, nurses, and other care providers often occur during the 7:00 AM hour, which was associated with peak mortality (3.8%) for the overall sample. However, no such increase in mortality was observed around the 7:00 PM hour when similar transitions may occur on weekdays; there was a small increase at 7:00 PM noted on weekends. Factors independently associated with increased risk for mortality in our study included neonatal and infant age groups, certain origins of admission (particularly inpatient locations or other ICUs), and being a trauma admission. Age has not uniformly been associated with mortality previously, 6,13 however, neonatal and infant age groups appear to often be at higher risk when age is stratified into these groups. 9, 20, 21 Increased risk for death for ICU admissions from inpatient locations has been previously described, 6, 15 and may represent additional patient decompensation despite interventions over time, which is not fully captured by severity of illness scoring.
Mortality is relatively rare in the pediatric ICU and is influenced by a myriad of factors that may or may not be related 24 and complications during intubation 25 in pediatric inpatients have also been reported to be more common during off-hours. Although 24/7 in-house intensivist coverage at the time of off-hours admission did not affect mortality in our study, transition to 24/7 in-house intensivist staffing has been associated with decreased duration of mechanical ventilation and ICU length of stay at a large tertiary care PICU, 26 implying that improved care during offhours could affect ventilator weaning and other factors over the course of a patient' s stay.
A major strength of our study is the large number of admissions included across 99 PICUs, including both academic and non-academic centersand many centers with 24-hour, in-house intensivist staffing. The PICUs in the United States included in this study represent 29% of the ∼337 PICUs in the United States. 27 Another strength of our study is the data quality; only 1 admission was excluded owing to an erroneous value for age, and complete data were available for every independent variable included in the primary analysis.
Limitations of our study are primarily related to the confines of using a large multicenter dataset. We did not have information about deaths after ICU discharge (such as on the hospital ward, at home, or in hospice care). Information about limitations in care at the time of admission were not available. Protocols that may have been present at certain centers such as caps on nighttime admissions, separate admitting teams, or extra physician staffing for admissions during rounds or other times, were not available. Details of nurse and advance practice provider staffing were not available. Increased nurse staffing has been associated with improved outcomes in the ICU setting, including reduced mortality, 28,29 so it is possible that an association between off-hours admissions and mortality could exist in a subset of centers with decreased nurse staffing during these time periods.
CONCLUSIONS Our study provides evidence in a large, current sample of PICUs that off-hours admission is independently associated with decreased mortality. Future studies are warranted to evaluate admissions during the morning time period of 6:00 AM to 10:59 AM, which were associated with peak mortality in our study, as well as other clinically important outcomes that could be associated with variations in care during off-hours.
